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TRIPLE CIRCUIT TURBINE BLADE 

The US. Government may have certain rights in this 
invention pursuant to contract number F33615-02-C-2212 
aWarded by the Us. Department of the Air Force. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to gas turbine 
engines, and, more speci?cally, to turbine blade cooling 
therein. 

In a gas turbine engine air is pressurized in a compressor 
and mixed With fuel in a combustor for generating hot 
combustion gases. Turbines are used to extract energy from 
the gases and poWer the compressor While producing useful 
output poWer such as driving an upstream fan in an aircraft 
turbofan gas turbine engine application. 

Engine ef?ciency may be maximiZed by maximiZing the 
temperature of the combustion gases, but the high combus 
tion gas temperature Will limit the useful life of the various 
turbine components exposed to the combustion gases during 
operation. 

The ?rst stage turbine rotor blade receives the hottest 
combustion gases from the upstream turbine noZZle in the 
high pressure turbine (HPT). These blades have dovetails 
mounted in corresponding dovetail slots in the perimeter of 
a supporting rotor disk, and airfoils extend outWardly from 
a How boundary platform mounted on the dovetails. 

The turbine airfoils are holloW and include various inter 
nal cooling circuits therein having respective inlets extend 
ing through the platform and dovetail for receiving cooling 
air from the base of the dovetail mounted in the dovetail 
slots. The cooling air is typically compressor discharge air 
having maximum pressure, along With maximum tempera 
ture due to the compression process. 

The typical operating cycle for an aircraft turbofan engine 
includes takeoff, climb, cruise, descent, and landing during 
Which thrust reverse operation is temporarily effected. Maxi 
mum poWer operation of the engine is typically effected 
during takeoff during Which the turbine rotor inlet tempera 
ture may reach a corresponding maximum value, along With 
a corresponding maximum temperature for the compressor 
discharge air. 

The cooling circuits for the ?rst stage turbine blades may 
therefore be designed for this maximum temperature con 
dition during takeoff, Which condition is transient and of 
relatively short duration. 

Accordingly, state-of-the-art superalloy materials, typi 
cally nickel or cobalt based, are used in the casting of the 
?rst stage turbine rotor blades for maximiZing their strength 
at elevated temperature and ensuring their durability and 
long useful life. Correspondingly, the airfoil cooling circuits 
may be con?gured in a myriad of permutations for maxi 
miZing the cooling effectiveness of the hot compressor 
discharge air in the different regions of the airfoil subject to 
different heating loads from the combustion gases Which 
?oW With different pressure and temperature distributions 
around the opposite pressure and suction. sides of the airfoil. 

The compressor discharge air typically used for cooling 
the airfoil is initially channeled inside the holloW airfoil and 
is then discharged through various roWs of aperture outlets 
in the pressure and suction sides thereof. The compressor 
discharge air has maximum pressure and is used to ensure a 
suitable back?oW margin at the various outlets in the turbine 
airfoils. The combustion gases decrease in pressure as they 
?oW doWnstream over the leading and trailing edges of the 
airfoils, and suf?cient back?oW margin must be provided 
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2 
along the airfoil leading edge Wherein the local pressure of 
the combustion gases is relatively high. 
A typical back?oW margin requires that the pressure of the 

cooling air in the airfoil exceed the local pressure of the 
combustion gases outside thereof by about ?ve to ?fty 
percent. In this Way, the combustion gases are not back 
ingested into the airfoil through the outlets for maintaining 
proper cooling effectiveness of the internal circuits. 
As the combustion gases decrease in pressure to the 

trailing edge of the airfoil, the local back?oW margin cor 
respondingly increases due to the relatively high pressure of 
the compressor discharge air channeled into the airfoils. 
Excess back?oW margin is not desirable since it leads to 
bloW-off or lift-off of the spent cooling air as it is discharged 
from the outlet holes in typical ?lm cooling con?gurations. 
The airfoil internal cooling circuits are therefore typically 

tailored for the different operating conditions betWeen the 
leading and trailing edges of the airfoil. The leading edge 
cooling circuit typically provides internal impingement 
cooling of the back side of the leading edge folloWed by 
discharge of the spent impingement air through various roWs 
of ?lm cooling holes around the airfoil leading edge. 
The trailing edge cooling circuit typically includes either 

centerline or pressure-side outlet holes along the trailing 
edge fed from an internal radial channel. The middle or 
mid-chord region of the airfoil typically includes a multi 
pass serpentine circuit having radial legs through Which the 
cooling air is channeled and absorbs heat prior to discharge 
through various outlet apertures. 
The various internal cooling circuits typically include 

elongate turbulators or ribs extending along the pressure and 
suction sidewalls of the airfoil for increasing the heat 
transfer capability of the cooling air. The turbulators and 
speci?c con?gurations of the cooling circuits introduce 
pressure losses or pressure drops in the cooling air prior to 
discharge from the various outlets. 

In an advanced turbofan gas turbine engine being devel 
oped for small commercial business jets or military appli 
cations, the core engine is being designed to operate sub 
stantially continuously at very high compressor discharge 
temperature and correspondingly high turbine rotor inlet 
temperature for extended periods of time. In contrast With 
conventional turbofan engines having turbine blades 
designed for transient takeoff temperature conditions, the 
advanced turbofan engine requires turbine cooling con?gu 
rations designed for long duration high temperature condi 
tions. 

Accordingly, the turbine blades require a substantially 
loWer bulk temperature during normal operation than 
required for typical turbofan engines. The requirement for 
loWer bulk temperature of the turbine airfoils therefore 
requires improved cooling circuits Which better maximiZe 
the cooling effectiveness of the correspondingly high tem 
perature compressor discharge air. 

It is therefore desired to provide a turbine blade having an 
improved cooling con?guration therein for effecting a loWer 
bulk temperature during operation. 

BRIEF DESCRIPTION OF THE INVENTION 

A turbine blade includes an airfoil having pressure and 
suction sideWalls extending betWeen leading and trailing 
edges, and from root to tip. Adovetail is joined to the airfoil 
root at a platform. Three internal cooling circuits extend in 
span inside the airfoil, and each circuit includes a respective 
inlet channel commencing in axially adjacent alignment in 
the dovetail. The inlet channels tWist together from the 
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dovetail, through the platform, and into the airfoil behind the 
leading edge in transverse adjacent alignment across the 
sideWalls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, in accordance With preferred and exem 
plary embodiments, together With further objects and advan 
tages thereof, is more particularly described in the folloWing 
detailed description taken in conjunction With the accom 
panying draWings in Which: 

FIG. 1 is a partly sectional, isometric vieW of a ?rst stage 
turbine rotor blade having three cooling circuits therein. 

FIG. 2 is a partly sectional, isometric vieW of the opposite 
suction side of the blade illustrated in FIG. 1. 

FIG. 3 is a radial sectional vieW through the airfoil 
illustrated in FIG. 1 and taken along line 3—3. 

FIG. 4 is another radial sectional vieW through the airfoil 
of FIG. 1 and taken along line 4—4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Illustrated in FIG. 1 is a ?rst stage turbine rotor blade 10 
for use in the high pressure turbine (HPT) of a gas turbine 
engine, such as a turbofan aircraft engine. The blade 
includes an airfoil 12 integrally joined to a supporting 
dovetail 14 at a How bounding platform 16 radially ther 
ebetWeen. The blade may be made by conventional casting 
methods using conventional superalloy materials, such as 
nickel or cobalt based metals. 

The airfoil has a suitable aerodynamic pro?le for extract 
ing energy from hot combustion gases 18 provided during 
operation from an annular combustor (not shoWn), and as 
guided by a conventional HPT turbine noZZle (not shoWn). 

The platform 16 de?nes a portion of the inner ?oW 
boundary for the combustion gases. And, the dovetail 14 has 
a typical lobed con?guration for being retained in a comple 
mentary dovetail slot in the perimeter of the supporting 
turbine rotor disk (not shoWn). 

FIGS. 1 and 2 illustrate the circumferentially opposite 
pressure and suction sideWalls 20,22 of the airfoil Which 
extend axially or chordally betWeen opposite leading and 
trailing edges 24,26. The opposite sideWalls also extend in 
radial span betWeen a radially inner root 28 at the platform, 
to a radially outer tip 30. 

The airfoil illustrated in FIGS. 1 and 2 is holloW and 
includes three independent internal cooling circuits 32,34,36 
extending in radial span therein. The circuits are de?ned by 
holloW passages extending radially through the blade Which 
are conventionally created by casting using corresponding 
ceramic cores 38 shoWn in the exposed outer sections of the 
airfoils illustrated in FIGS. 1 and 2. 

During conventional casting of the blades, the solid cores 
result in the holloW passages of the cooling circuits, and, 
therefore, the cores in the ?gures represent the boundaries of 
the corresponding cooling circuits. The spaces betWeen and 
around the several cores are ?lled With molten metal Which 
forms the ?nal airfoil after the casting process is complete. 
FIGS. 3 and 4 illustrate tWo exemplary radial sections of the 
airfoil With the corresponding cooling circuits therein 
bounded by the cast metal. 
As initially shoWn in FIGS. 1 and 2, the three circuits have 

respective radial inlet channels 40,42,44 commencing in 
axially adjacent stack-up or alignment in the loWer base 
surface of the dovetail 14 for receiving cooling air 46, such 
as compressor discharge air, from a multistage axial com 
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4 
pressor (not shoWn). The inlet channels 40,42,44 then tWist 
together from the base of the dovetail, through the platform 
16, and into the airfoil behind the leading edge in transverse 
adjacent alignment across or betWeen the pressure and 
suction sideWalls 20,22. 

FIG. 3 illustrates the initial axial alignment of the three 
inlet channels 40,42,44 in the dovetail 14 Which then tWist 
to conform With the angular position or tWist of the airfoil 
extending radially outWardly from the platform 16. The 
radially outer ends of the three inlet channels 40,42,44 
adjoin each other in a transverse or circumferential align 
ment skeWed from the axial orientation of the dovetail. 
A signi?cant advantage of the triple adjoining inlet chan 

nels 40,42,44 is their ability to collectively channel all of the 
incoming cooling air 46 along the same region of the airfoil 
for substantially loWering the bulk temperature thereof. 
More speci?cally, the exemplary airfoil 12 illustrated in 

FIG. 3 has a suitable aerodynamic pro?le Which increases in 
thickness betWeen the opposite sideWalls from the leading 
edge 24 to a hump 48 of maximum transverse thickness A 
behind the leading edge, typically measured by the diameter 
of an inscribed circle therein. From the hump 48 the thick 
ness of the airfoil radial section decreases to the thin or 
narroW trailing edge 26 of minimum thickness. The three 
inlet channels are preferentially stacked together across the 
maximum thickness hump region 48 of the airfoil and 
provide locally enhanced cooling thereof. 
As shoWn in FIGS. 3 and 4, the three cooling circuits 

32,34,36 are separated from each other by tWo internal Walls 
or bridges 50 Which are preferably imperforate. The imper 
forate bridges 50 Which separate the three inlet channels 
40,42,44 preferably extend transversely between the pres 
sure and suction sideWalls 20,22 for locally cooling the 
hump 48 using the cooling air 46 channeled through the 
three inlets. In this Way, the bridges separating the inlet 
channels are themselves cooled by the entirety of the incom 
ing cooling air, and since these bridges extend inWardly from 
the opposite pressure and suction sideWalls they provide an 
effective heat sink for removing heat during operation. 

Since the three inlet channels 40,42,44 and the separating 
bridges 50 therebetWeen substantially ?ll the maximum 
thickness hump region 48 of the airfoil the full cooling effect 
of the incoming cooling air may be initially localiZed in this 
region for substantially reducing the bulk temperature of the 
entire airfoil during operation in the hot combustion gas 
environment. 
As shoWn in the several Figures, the three cooling circuits 

32,34,36 preferably radiate laterally outWardly from the 
hump 48 toWard the leading and trailing edges 24,26. In this 
Way, the residual or remaining cooling effect of the inlet air 
initially channeled in the hump region may then be used for 
cooling the remaining outboard portions of the airfoil. 
The three circuits 32,34,36 illustrated for example in FIG. 

3 include respective roWs of aperture outlets 52,54,56 
extending through corresponding portions of the tWo side 
Walls 20,22 for discharging the spent cooling air therefrom. 
In particular, each of the cooling circuits is con?gured for 
series How of the cooling air from the respective inlet 
channels 40,42,44 to the respective outlets 52,54,56 to effect 
corresponding back?oW margins betWeen the cooling air 46 
discharged from the outlets and the combustion gases 18 
?oWable thereover. 
As indicated above, the pressure distribution of the com 

bustion gases 18 varies differently over the pressure and 
suction sides of the airfoil betWeen the leading and trailing 
edges. A suitable back?oW margin over the local pressure of 
the combustion gases is desired at the various outlets to 
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prevent ingestion of the combustion gases therethrough 
during operation. For example, the back?oW margin may be 
Within the range of about 5%—50%. 

The cooling air 46 initially introduced through the three 
inlet channels 40,42,44 has maximum pressure, With the 
pressure in the three circuits decreasing differently there 
through in vieW of the different con?gurations thereof. The 
different con?gurations of the cooling circuits may be used 
to advantage for better matching the internal pressure of the 
cooling air to the external pressure of the combustion gases 
for maintaining acceptable back?oW margins, Without unde 
sirable excess. 

The three cooling circuits initially illustrated in FIGS. 1 
and 2 include a ?rst cooling circuit 32 terminating along the 
leading edge 24; a second cooling circuit 34 terminating 
along the trailing edge 26; and a third or middle cooling 
circuit 36 terminating chordally betWeen the ?rst and second 
circuits. In this Way, the ?rst circuit 32 may be used for 
dedicated cooling of the leading edge region of the airfoil. 
The second circuit 34 may be used for dedicated cooling of 
the trailing edge, as Well as cooperating With the third circuit 
36 for cooling of the midchord region of the airfoil. 

The three cooling circuits may have various con?gura 
tions Within the available space provided in their respective 
portions of the airfoil. For example, the ?rst circuit 32 also 
includes a ?rst or leading edge outlet channel 58 as shoWn 
in FIGS. 3 and 4 Which extends in radial span directly behind 
the leading edge 24. The ?rst outlet channel 58 is separated 
from the ?rst inlet channel 40 by a perforate cold Wall or 
bridge 60 to provide impingement cooling of the inside of 
the leading edge 24 in a conventional manner. 

In another example, tWo roWs of impingement holes 62 
may be provided in the perforate bridge 60 for discharging 
cooling air from the ?rst inlet channel 40 into the ?rst outlet 
channel 58, for in turn being discharged through the several 
roWs of ?rst outlets 52 con?gured in conventional ?lm 
cooling arrangements. 

In yet another example, the pressure and suction sideWalls 
20,22 around the leading edge 24 may include seven roWs of 
corresponding ?lm cooling ?rst outlets 52 staggered in span 
from each other for discharging the spent impingement air 
from the ?rst cooling circuit 32 With a corresponding 
back?oW margin around the leading edge. The pressure 
losses in discharging the cooling air through the tWo-channel 
?rst circuit 32 are minimiZed for ensuring an adequate 
back?oW margin around the leading edge. 

The second cooling circuit 34 illustrated in the airfoil 
shoWn in FIG. 3 is in the preferred form of a three-pass 
serpentine circuit extending along the suction sideWall 22 
from the second inlet channel 42 at the hump 48 to the roW 
of second outlets 54 along the trailing edge 26. The serpen 
tine circuit cools the suction side of the airfoil and accumu 
lates pressure losses in the cooling air. And, the spent 
cooling air is discharged through the second outlets 54, some 
of Which extend through the trailing edge 26 itself as shoWn 
in FIG. 4, and some of Which terminate in slots immediately 
upstream of the trailing edge along the pressure side as 
shoWn in FIG. 3. 

The various cooling circuits, including the third circuit, 
preferably include elongate turbulators (not shoWn) along 
the inner surfaces of the pressure and suction sideWalls for 
enhancing heat transfer of the cooling air, While also intro 
ducing additional pressure losses. The spent cooling air 
discharged from the trailing edge second outlets 54 have 
reduced pressure and therefore effect a corresponding back 
?oW margin With the loWer pressure combustion gases 
?oWing past the trailing edge during operation. 
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6 
In the preferred embodiment illustrated in FIGS. 1 and 3, 

the second circuit 34 terminates in a tWo-dimensional array 
of turbulator pins 64 Which effect a local mesh With 
enhanced heat transfer. The cooling air extracts heat as it 
?oWs in the passages formed betWeen the pins prior to 
discharge through the trailing edge outlets 54. 
The third circuit 36 illustrated in FIG. 3 is therefore 

disposed chordally or axially betWeen the ?rst and second 
circuits 32,34, and extends transversely from the suction 
sideWall 22 to the pressure sideWall 20. 

In the preferred embodiment illustrated in FIG. 3 the third 
circuit 36 further includes a third or midchord outlet channel 
66 extending in radial span along the pressure sideWall 20. 
The third outlet channel 66 is separated from the corre 
sponding third inlet channel 44 by another perforate bridge 
60 including a single roW of impingement holes 62 therein 
for providing impingement cooling of the pressure sideWall 
prior to discharge through the third outlets 56. Like the 
leading edge cooling circuit, the midchord cooling circuit 36 
provides impingement cooling of the inner surface of the 
pressure sideWall prior to discharge in a ?lm of cooling air 
along the outer surface of the pressure sideWall. 

Like the trailing edge cooling circuit 34, the midchord 
cooling circuit 36 similarly terminates in a tWo-dimensional 
array of turbulator pins 64 including the corresponding third 
aperture outlets 56 de?ned therebetWeen along the pressure 
sideWall 20. In this Way, the spent impingement air from the 
outlet channel 66 is additionally used for cooling the mesh 
region of the pressure sideWall de?ned by the turbulator pins 
prior to discharge in a ?lm along the pressure sideWall. 

The airfoil illustrated in FIGS. 1 and 3 preferably also 
includes a common radial slot 68 extending in radial span 
along the pressure sideWall 20 and joined in How commu 
nication With the third outlets 56 de?ned by the spaces of the 
last roW of turbulator pins. In this Way, the spent cooling air 
collects in the common slot 68 and is diffused prior to 
discharge in a common ?lm of cooling air extending aft 
along the pressure sideWall to the trailing edge for providing 
enhanced cooling thereof. 
The three cooling circuits 32,34,36 described above both 

cooperate With each other, and have different con?gurations 
for differently cooling the different portions of the airfoil 
With corresponding back?oW margins. The tWo exemplary 
perforate bridges 60 permit impingement cooling of local 
portions of the pressure sideWall, While also providing cold 
internal bridges for reducing the bulk temperature of the 
airfoil. 

Similarly, the various imperforate bridges 50 separate the 
three circuits from each other and provide internal cold 
bridges for also reducing the bulk temperature of the airfoil. 
Additional ones of the imperforate bridges 50 are used to 
de?ne the three channels or legs of the serpentine circuit 34 
and also effect cold bridges therein. In particular, one of the 
imperforate bridges 50 as illustrated in FIG. 3 joins the 
suction sideWall 22 to the back side of the second array of 
pins 64 for providing an additional heat conduction path for 
removing heat from the pressure sideWall and the corre 
sponding heat conducting pins 64. 
The multiple channels provided by the three cooling 

circuits may be manufactured in the turbine airfoil using the 
corresponding ceramic cores 38 in an otherWise conven 
tional lost Wax casting process. The three circuits may 
initially have corresponding ceramic cores suitably joined to 
each other for the casting process. Or, the leading edge and 
middle circuits 32,36 may be formed With a common 
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ceramic core ?xedly assembled With a separate ceramic core 
for the serpentine trailing edge circuit 34 for the casting 
process. 

Whereas the internal impingement holes 62 are cast With 
the airfoil, the various external holes through the pressure 
and suction sides of the airfoil may be formed after casting 
using any conventional drilling or other forming process. 

While there have been described herein What are consid 
ered to be preferred and exemplary embodiments of the 
present invention, other modi?cations of the invention shall 
be apparent to those skilled in the art from the teachings 
herein, and it is, therefore, desired to be secured in the 
appended claims all such modi?cations as fall Within the 
true spirit and scope of the invention. 

Accordingly, What is desired to be secured by Letters 
Patent of the United States is the invention as de?ned and 
differentiated in the folloWing claims in Which We claim: 

1. A turbine blade comprising: 
an airfoil having opposite pressure and suction sideWalls 

extending chordally betWeen opposite leading and trail 
ing edges and in span betWeen a root and a tip; 

a supporting dovetail integrally joined to said airfoil root 
at a platform; and 

said airfoil further including three internal cooling circuits 
separated from each other by imperforate bridges and 
extending in span therein, and each circuit includes a 
respective inlet channel commencing in axially adja 
cent alignment in said dovetail and tWisting together 
through said platform into said airfoil behind said 
leading edge and in transverse adjacent alignment 
betWeen said pressure and suction sideWalls. 

2. A blade according to claim 1 Wherein: 
said airfoil further comprises an aerodynamic pro?le 

increasing in thickness from said leading edge to a 
hump of maximum thickness therebehind, and decreas 
ing in thickness therefrom to said trailing edge; and 

said three inlet channels are stacked together across said 
hump. 

3. Ablade according to claim 2 Wherein said three cooling 
circuits radiate outWardly from said hump toWard said 
leading and trailing edges. 

4. A blade according to claim 3 Wherein: 
said three cooling circuits include respective roWs of 

aperture outlets extending through said sideWalls; and 
each of said circuits is con?gured for series How of said 

cooling air from said inlet channels to said outlets to 
effect corresponding back?oW margins betWeen said 
cooling air discharged from said outlets and combus 
tion gases ?oWable thereover. 

5. Ablade according to claim 4 Wherein said three cooling 
circuits comprise: 

a ?rst cooling circuit including a ?rst outlet channel 
extending in span directly behind said leading edge, 
and separated from a corresponding ?rst inlet channel 
by a perforate bridge to provide impingement cooling 
of said leading edge; and 

said pressure and suction sideWalls around said leading 
edge include roWs of corresponding ?rst ?lm cooling 
outlets for discharging spent impingement air there 
from With a corresponding back?oW margin. 

6. Ablade according to claim 5 Wherein said three cooling 
circuits further comprise a second serpentine cooling circuit 
extending along said suction sideWall from a corresponding 
second inlet channel to a corresponding roW of second 
outlets along said trailing edge for discharging spent cooling 
air therefrom With a corresponding back?oW margin. 
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8 
7. Ablade according to claim 6 Wherein said three cooling 

circuits further comprise a third cooling circuit disposed 
betWeen said ?rst and second cooling circuits, and extending 
transversely from said suction sideWall to said pressure 
sideWall. 

8. Ablade according to claim 7 Wherein said third cooling 
circuit further comprises a third outlet channel extending in 
span along said pressure sideWall, and separated from a 
corresponding third inlet channel by a perforate bridge to 
provide impingement cooling of said pressure sideWall prior 
to discharge through corresponding third aperture outlets 
along said pressure sideWall. 

9. A blade according to claim 8 Wherein said second 
cooling circuit comprises a three-pass serpentine circuit. 

10. A blade according to claim 9 Wherein: 
said second cooling circuit terminates in an array of pins 

prior to discharge through said second outlets; and 
said third cooling circuit terminates in an array of pins 

including therebetWeen said third aperture outlets along 
said pressure sideWall. 

11. A turbine blade comprising: 
an airfoil having opposite pressure and suction sideWalls 

extending chordally betWeen opposite leading and trail 
ing edges and in span betWeen a root and a tip; 

a supporting dovetail integrally joined to said airfoil root 
at a platform; and 

said airfoil further including three internal cooling circuits 
extending in span therein, and each circuit includes a 
respective inlet channel commencing in axially adja 
cent alignment in said dovetail and tWisting together 
through said platform into said airfoil behind said 
leading edge and in transverse adjacent alignment 
betWeen said pressure and suction sideWalls. 

12. A blade according to claim 11 Wherein: 
said airfoil further comprises an aerodynamic pro?le 

increasing in thickness from said leading edge to a 
hump of maximum thickness therebehind, and decreas 
ing in thickness therefrom to said trailing edge; and 

said three inlet channels are stacked together across said 
hump. 

13. A blade according to claim 12 Wherein said three 
cooling circuits are separated from each other by internal 
bridges, and bridges separating said three inlet channels 
extend transversely betWeen said pressure and suction side 
Walls for locally cooling said hump using cooling air chan 
neled through said three inlet channels. 

14. A blade according to claim 13 Wherein said three 
cooling circuits radiate outWardly from said hump toWard 
said leading and trailing edges. 

15. A blade according to claim 14 Wherein: 
said three cooling circuits include respective roWs of 

aperture outlets extending through said sideWalls; and 
each of said circuits is con?gured for series How of said 

cooling air from said inlet channels to said outlets to 
effect corresponding back?oW margins betWeen said 
cooling air discharged from said outlets and combus 
tion gases ?oWable thereover. 

16. A blade according to claim 15 Wherein said three 
cooling circuits comprise ?rst, second, and third cooling 
circuits respectively terminating along said leading edge, 
trailing edge, and chordally therebetWeen. 

17. A blade according to claim 16 Wherein: 
said ?rst cooling circuit further comprises a ?rst outlet 

channel extending in span directly behind said leading 
edge, and separated from a corresponding ?rst inlet 
channel by a perforate bridge to provide impingement 
cooling of said leading edge; and 



US 6,984,103 B2 

said pressure and suction sidewalls around said leading 
edge include roWs of corresponding ?rst ?lm cooling 
outlets for discharging spent impingement air there 
from With a corresponding back?oW margin. 

18. A blade according to claim 16 Wherein said second 
cooling circuit comprises a serpentine circuit extending 
along said suction sideWall from a corresponding second 
inlet channel to a corresponding roW of second outlets along 
said trailing edge for discharging spent cooling air therefrom 
With a corresponding back?oW margin. 

19. A blade according to claim 18 Wherein said second 
cooling circuit comprises a three-pass serpentine circuit. 

20. A blade according to claim 19 Wherein said second 
cooling circuit terminates in an array of pins prior to 
discharge through said second outlets. 

21. A blade according to claim 16 Wherein said third 
cooling circuit is disposed betWeen said ?rst and second 
cooling circuits, and extends transversely from said suction 
sideWall to said pressure sidewall. 
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22. A blade according to claim 21 Wherein said third 

cooling circuit terminates in an array of pins including 
corresponding third aperture outlets along said pressure 
sideWall. 

23. A blade according to claim 22 Wherein said airfoil 
includes a slot extending in span along said pressure side 
Wall and joined in How communication With said third 
outlets. 

24. A blade according to claim 21 Wherein said third 
cooling circuit further comprises a third outlet channel 
extending in span along said pressure sideWall, and sepa 
rated from a corresponding third inlet channel by a perforate 
bridge to provide impingement cooling of said pressure 
sideWall prior to discharge through corresponding third 
aperture outlets along said pressure sideWall. 

25. A blade according to claim 21 Wherein said three 
cooling circuits are separated from each other by imperfo 
rate bridges. 


